Abbreviations {#nomen0010}
=============

CI

:   Confidence interval

HF

:   Heart failure

HR

:   Hazard ratio

MoCA

:   Montreal Cognitive Assessment

NOS

:   Newcastle--Ottawa scale

OR

:   Odds ratio

RR

:   Relative risk

SPMSQ

:   Short Portable Mental Status Questionnaire

1. Introduction {#sec1}
===============

Heart failure (HF) is one of the leading causes of both hospitalization and rehospitalization.[@bib1], [@bib2] Hospitalization with HF is not only associated with higher moribund risks but also exhausted more healthcare cost projecting from \$24.7 billion in 2010 to \$ 77.7 billion in 2030 in the United States,[@bib3] resulting in more economic burden. Accordingly, the preventive protocol, especially risk factors control, is essential to decrease the hospitalization rate of HF. One study demonstrated that several risk factors, including race, Medicare coverage, myocardial infarction, renal disease, longer length of stay, hospitalization from another facility, and emergent rehospitalization, were linked to HF rehospitalization .[@bib4] Recently, several studies suggested that cognitive impairment might be another factor that also increases the risk of rehospitalization.[@bib5], [@bib6], [@bib7], [@bib8], [@bib9]

Cognitive function can be characterized into five domains including learning and memory, language, visuospatial, executive, and psychomotor. Cognitive impairment is defined by declined or loss of at least one of the five domains of the cognitive function.[@bib10] The impairment of cognition is not only associated with poor medication adherence, poor self-care, and impaired functional activities of daily life, but also might be related to rehospitalization.[@bib11], [@bib12], [@bib13] Currently, studies evaluating the relationship between cognitive impairment and HF rehospitalization have shown inconsistent results.[@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib14], [@bib15] Thus, our objective is to determine the association between cognitive impairment on 30-day rehospitalization among HF patients.

2. Methods {#sec2}
==========

2.1. Search strategy {#sec2.1}
--------------------

Two investigators (J.K. and C.K.) independently searched for published studies indexed in MEDLINE (from 1946 to July 2018), Cochrane, and Embase databases (from 1980 to July 2018) using a search strategy that included the terms "cognitive impairment," "cognitive dysfunction," "acute heart failure," "heart failure," readmission," and "rehospitalization." Only English language publications were included. A manual search for additional pertinent studies and review articles using references from retrieved articles was also completed.

2.2. Inclusion criteria {#sec2.2}
-----------------------

The eligibility criteria included the following:(1)Cohort studies (prospective or retrospective), case-control studies, cross-sectional studies or randomized controlled trials that compared the risk of rehospiralization in HF patients with cognitive impairment and those without.(2)Relative risk, hazard ratio, odds ratio, incidence ratio, or standardized incidence ratio with 95% confidence intervals (CIs) or sufficient raw data for these calculations had to be provided.

The study eligibility was independently determined by two investigators (P.R. and R.M.), and differences were resolved by mutual consensus. Newcastle-Ottawa quality assessment scale, ranging from 0 to 9, was used to evaluate each study in three domains: recruitment and selection of the participants, similarity and comparability between the groups, and ascertainment of the outcome of interest among cohort studies.[@bib16]

2.3. Data extraction {#sec2.3}
--------------------

A standardized data collection form was used to obtain the following information from each study: the title of study, name of the first author, year of publication, country of origin, number of participants, demographic data of participants, method used to identify cognitive impairment, definitions of outcomes of interest (30-day rehospitalization), and average duration of follow-up. If available, confounders would also be assessed, and adjusted effect estimates with 95% CI would be included in the meta-analysis.

To ensure accuracy, two investigators (J.K. and A.T.) independently performed this data extraction process. Should there be any data discrepancy, we referred back to the original articles.

2.4. Definition of HF {#sec2.4}
---------------------

HF was defined differently based on each recruited study ([Table 1](#tbl1){ref-type="table"}). There were insufficient data regarding the characterization of HF; thus, we were not able to further characterize HF group in the study.Table 1Study characteristics.Table 1First authorArslanian-Engoren[@bib16]Patel[@bib15]Agarwal[@bib6]Huynh[@bib10]Sterling[@bib9]Year20142015201620162018CountryUSAUSAUSAAustraliaUSAStudy typeCross-sectionalProspective cohortProspective cohortProspective Longitudinal studyProspective cohortParticipant descriptionPatients ≥65 years who were hospitalized for acute HFPatients ≥65 years who were hospitalized for acute HFIndividuals aged 70 years and older screened before home dischargePatients with HF from MARATHON studyHospitalized patients diagnosis of acute decompensated HFExclusion criteria-Prisoners\
-Treated in the ICU\
-Underlying condition of psychosis, dementia, or encephalopathy-Mini-Cog incomplete\
-Intrahospital death\
-Discharged to hospice-On cardiac transplant or LVAD list\
-ESRD undergoing dialysis\
-Discharged to hospice or nursing home.-Age \<18 years\
-Valvular disease\
-Underlying CAD\
-Patients with LVAD\
-Potentially reversible LVD\
-Terminal disease prognosis\<12 months-Age \<18 years of age\
-Unstable psychiatric illness\
-On hospice\
-Incomplete screening\
-Severe cognitive impairment or deliriumDementia excludedYesNoNoYesYesParticipants, N\
- Total\
- With CI\
- Non-CI53\
36 (68%)\
17 (32%)720\
169 (23%)\
551 (77%)121\
82 (67.7%)\
39 (32.3)565\
255 (45%)\
310 (55%)883\
462 (53%)\
416 (47%)Mean age ± SD (years)72 ± 576 ± N/A78.9 ± 4.874 ± N/A60 ± N/AGender (male), N (%)35 (66%)408 (56%)63 (52%)344 (61%)473 (54%)CI assessment toolCogstate test during hospitalizationMini-Cog testMini-Cog testMoCASPMSQHF definitionDefined by New York Heart Association class IVDiagnosed by treating physicianDiagnosed by treating physicianDiagnosed by treating physicianDiagnosed by treating physicianParticipants with rehospitalization, N (%)\
- Total\
- With CI\
- Non-CI12 (22.6%)\
9 (25%)\
3 (17.6%)199 (27.6%)\
78 (46%)\
121 (22%)27 (22.3%)\
22 (26.8%)\
5 (12.8%)122 (21%)\
N/A\
N/A210 (23.8%)\
120 (25.9%)\
90 (21.63%)Odd/hazard ratio (95% CI)N/A1.90 (1.47--2.44)N/A1.60 (1.02--2.54)1.12 (0.99--1.27)Conclusion by authorThe CI status did not differ between patients who were readmitted and not readmittedPoor performance on the Mini-Cog was related to poor posthospitalization outcomes, most commonly hospital rehospitalization.CI may indicate greater risk of rehospitalization for individuals with HF than those without.Mild CI predicts short-term outcomes in HF, independent of clinical and nonclinical factors.Numeracy, health literacy, and cognition were not associated with 30-day rehospitalization among this sample of patients hospitalized with acute decompensated HF[^1]

2.5. Definition of cognitive impairment {#sec2.5}
---------------------------------------

Cognitive impairment was defined as an abnormality of at least one of the five domains of the cognitive function or as defined in each study.[@bib10] The screening tools, including the 10-item Short Portable Mental Status Questionnaire (SPMSQ), Montreal Cognitive Assessment (MoCA), Cogstate test, or Mini-Cog test,[@bib17], [@bib18], [@bib19], [@bib20] were used.

2.6. Definition of rehospitalization {#sec2.6}
------------------------------------

Rehospitalization was defined by all-cause rehospitalization after the initial discharge, which was due to acute HF.

2.7. Statistical analysis {#sec2.7}
-------------------------

The meta-analysis was performed by using a random-effects model and fixed effect model. The extracted studies were excluded from the analysis if they did not justify an outcome in each cohort. We pooled the point estimates from each study using the generic inverse-variance method of Der Simonian and Laird.[@bib21] The heterogeneity of effect size estimates across these studies was measured using the I^2^. The I^2^ statistic ranges in the value from 0 to 100% (I^2^ \< 25%, low heterogeneity; I^2^ = 25%--50%, moderate heterogeneity; and I^2^ \> 50%, substantial heterogeneity). A sensitivity analysis was also conducted. Publication bias was assessed using a funnel plot and Egger\'s regression test (*p* \< 0.05 was considered significant). All data analyses were performed using the Stata SE 14.1 software from StataCorp LP.

3. Results {#sec3}
==========

3.1. Study inclusion and characteristic {#sec3.1}
---------------------------------------

A total number of 108 potentially relevant studies (full article) conducted were identified (56 studies from Embase, 45 studies from PubMed, and seven from Cochrane). After exclusion of 41 duplicate studies, 67 studies underwent title and abstract review. Thirty-six studies were excluded as they were not conducted in HF patients with cognitive impairment. Therefore, 31 studies underwent full-article reviewed. Further 26 studies were excluded as they did not report 30-day rehospitalization rate and/or no control group and/or unclear cognitive impairment assessment tools. Therefore, five eligible studies (five prospective cohorts) with the total number of 2,342 participants (1,004 with cognitive impairment) were included for analysis. The PRISMA flow diagram is shown in [Fig. 1](#fig1){ref-type="fig"}. The rehospitalization rate within 30 days after discharge was compared between HF patient with and without cognitive impairment. Cognitive impairment was assessed by the Cogstate test, Mini-Cog test, MoCA, or SPMSQ, and prevalence of cognitive impairment is ranging from 23% to 67.7% among studies. Main characteristics of the included studies in the meta-analysis are summarized in [Table 1](#tbl1){ref-type="table"}.Fig. 1PRISMA 2009 flow diagram.Fig. 1

3.2. Quality of eligible studies {#sec3.2}
--------------------------------

Newcastle--Ottawa scale (NOS) was used to evaluate the quality of studies included in the analysis. Higher scores represent higher quality of the study. All the studies were considered high-quality according to NOS (score ≥ 8) ([Table 2](#tbl2){ref-type="table"}).Table 2Newcastle-Ottawa quality assessment scale of included studies in meta-analysis.Table 2StudyRepresentativenessSelection of the nonexposed cohortAscertainmentEndpoint not present at startComparabilityAssessment of outcomesFollow-up durationAdequacy follow-upScore(Confounding)Arslanian-Engoren 2014\*\*\*\*\*\*\*\*8Patel 2014\*\*\*\*\*\*\*\*8Agarwal 2016\*\*\*\*\*\*\*\*\*9Huynh 2016\*\*\*\*\*\*\*\*8Sterling 2017\*\*\*\*\*\*\*\*8[^2]

3.3. Quantitative analyses {#sec3.3}
--------------------------

Study heterogeneity analysis evaluated by I^2^ tests showed substantial heterogeneity among studies (I^2^ = 64.2%). Therefore, both random and fixed-effects models were used to assess the pooled risk ratio (RR).

In random effect model, our analysis showed that cognitive impairment significantly increased the risk of 30-day rehospitalization in HF participants (pooled RR = 1.63, 95% CI: 1.19--2.24, I^2^ = 64.2%, *p* = 0.002) ([Fig. 2](#fig2){ref-type="fig"}). Subgroup analysis was performed on the studies that excluded patients with dementia (*n* = 1501). The results from the subgroup analysis also showed that cognitive impairment significantly increased the risk of 30-day rehospitalization in participants with HF (pooled RR = 1.29, 95% CI: 1.05--1.59, I^2^ = 0.0%, *p* = 0.016), which was consistent with our overall analysis ([Fig. 3](#fig3){ref-type="fig"}).Fig. 2The forest plot of the included studies assessing the association between cognitive impairment and 30-day rehospitalization in patients with acute heart failure. CI, confidence interval.Fig. 2Fig. 3Forest plot of the subgroup analysis of studies that excluded patients with dementia, assessing the association between cognitive impairment and 30-day rehospitalization in patients with acute heart failure. CI, confidence interval.Fig. 3

In fixed-effects model, the result also showed that the presence of cognitive impairment is significantly associated with 30-day rehospitalization (RR = 1.72, 95% CI = 1.48--2.00, I^2^ = 72.0%, *p* \< 0.001), similar to the results from the random effect model ([Supplementary file 3](#appsec1){ref-type="sec"}).

3.4. Sensitivity analysis {#sec3.4}
-------------------------

We assessed the stability of the results of the meta-analysis. We conducted a sensitivity analysis by excluding one study at a time. None of the results were significantly altered; the results after removing one study at a time were similar to those of the main meta-analysis. This indicated that our results were robust.

3.5. Publication bias {#sec3.5}
---------------------

Funnel plot and Egger\'s test were performed to confirm the absence of publication bias. The funnel plot was symmetric indicating no publication bias, and Egger\'s test reports no small studies effect \[95% CI (-5.41, 5.47), *p* = 0.987\].

4. Discussion {#sec4}
=============

Studies reported the prevalence of cognitive impairment in patients with HF, acute or chronic, ranging from 23% to 80%.[@bib22] Recent systematic review and meta-analysis found a strong association between cognitive impairment and HF.[@bib23] However, factors such as the type and timing of the cognitive screening, severity of HF, and the presence of other comorbidities may result in a variety of cognitive impairment prevalences. There are multiple suggested pathophysiologies behind this association. Systemic hypotension, which was found to be significantly associated with the presence of cognitive impairment in patients with HF,[@bib24] leading to chronic poor perfusion of the brain, together with occult cardiogenic emboli, is believed to be the main mechanism.[@bib25] Other known factors found to be related to cognitive impairment in patients with HF include anemia, CKD, older age, and lower LVEF.[@bib26], [@bib27], [@bib28] In modern practice, at least eight methods, such as MoCA, Mini[-]{.ul}Cog, and Mini-Mental Status Examination, have been introduced for the measurement of cognitive function. Of the five domains, the most common deficit aspect of the cognition is learning and memory.[@bib29] Patients with cognitive impairment are different from patients with dementia. While patients with dementia have significant difficulties in their daily life, patients with cognitive impairment usually are independent and do not require assistance for their daily activities.[@bib10] Because of this, many patients with cognitive impairment were undiagnosed and would remain unnoticed until their cognition has already severely declined.

Although screening for a change in cognition is recommended in the current practice of HF management, there is still not enough evidence regarding the most sensitive or the most specific method and the optimal timing for the test.[@bib30] In addition, the true consequences and appropriate management of cognitive impairment among this population are still in debate. Several studies have reported mixed results of outcomes regarding the effect of cognitive impairment on mortality and rehospitalization rate in patients with HF.

Owing to the high economic and social burden of HF, attempts to decrease the hospitalization rate and comorbidity have always been a compelling topic. In addition to implementing self-care intervention and appropriate medical adjustment, identifying risk factors for outcomes in this population is also essential. To the best of author\'s knowledge, this is the first meta-analysis to examine the association between cognitive impairment and rehospitalization in this population.

The prevalence of cognitive impairment among the five studies ranged from 23% to 68%. Patel et al[@bib14] reported the lowest prevalence, whereas studies by Agarwal et al[@bib5] and Arslanian-Engoren et al[@bib15] showed a high prevalence of 67.7% and 68%, respectively. This might due to the difference of the screening tools in each study that led to a difference of cognitive impairment prevalence. However, the study by Patel et al. and Agarwal et al. still reported the major difference of prevalence of cognitive impairment (23% vs 67.7%), even though the two studies both used the same screening tool. Despite the lowest prevalence of cognitive impairment reported in the study, the study by Patel et al. showed the highest risk of 30-day rehospitalization (RR = 2.12, 95% CI: 1.69--2.65). The study by Sterling et al[@bib8] had the highest number of participants (*n* = 883) and showed the lowest risk of 30-day rehospitalization (RR = 1.21, 95% CI: 0.95--1.54).

Results of 30-day rehospitalization were available in five studies. Only studies by Patel et al. and Huynh et al[@bib9] reported the significant association of cognitive impairment and rehospitalization in patients with HF. The other three studies[@bib5], [@bib8], [@bib15] also showed an increased risk of 30-day rehospitalization in HF patients with cognitive impairment, although not statistically significant. Two of the three studies, the study by Arslanian-Engoren et al. and Agarwal et al., had a lower number of patients enrolled (*n* = 53 and 131, respectively). Sterling et al. had the highest number of participants; however, the SMSQ was used as a screening tool in their study. The SMSQ is a well-known and well-validated test but does not assess an executive function, which is the most commonly affected aspect of cognitive function in the HF population.[@bib31] Nevertheless, from our meta-analysis, we found that overall cognitive impairment is significantly associated with 30-day rehospitalization.

4.1. Subgroup analysis {#sec4.1}
----------------------

Two studies by Patel et al. and Agarwal et al. did not exclude patients with dementia from the analysis. The studies by Patel et al. and Agarwal et al. reported relatively higher RR of rehospitalization than the other three studies, although the results from Agarwal\'s trial were not statistically significant. Thus, we performed a subgroup analysis of only studies that exclude patients with dementia ([Fig. 3](#fig3){ref-type="fig"}). The results showed that even in the absence of dementia, mild cognitive impairment was still found to be a predictor of 30-day rehospitalization in patients with acute HF.

4.2. Heterogeneity {#sec4.2}
------------------

The random effect models showed substantial heterogeneity (I^2^ = 64.2%). Meta-regression analysis of dementia patient population reported almost statistically significant results, and the heterogeneity on our subgroup analysis of patient population without dementia showed a greatly diminished I^2^ from 64.2% to 0.0% ([Fig. 3](#fig3){ref-type="fig"}). We suggested that the heterogeneity was due to the presence of dementia in the studies reported by Patel et al. and Agarwal et al.

4.3. Clinical implications {#sec4.3}
--------------------------

It is still unclear how cognitive impairment leads to the increased risk of rehospitalization in patients with HF. Studies showed that patients with cognitive impairment were prone to have less effective self-care and medical adherence, despite proper knowledge about their condition.[@bib12], [@bib32], [@bib33] Another possible cause may be owing to a more severe extent of HF that was more commonly found among patients with cognitive impairment.[@bib27] In addition, other chronic conditions, such as renal failure and anemia, were reported to be more common in patients with declined cognition.[@bib26] Management of cognitive impairment in HF is not yet standard. Current evidence is guiding toward slowing down the progression of cognitive impairment by controlling other related comorbidities, such as hypertension, atrial fibrillation, and depression.[@bib29] Other behavior-related changes such as exercise, diet control, or weight loss are also still in consensus.

Currently, screening for cognitive impairment in this HF population receives little emphasis on the current practice.[@bib34] Dodson et al.[@bib7] reported that only 23% of HF patients with cognitive impairment had it documented by the time of discharge. The results of this study could further emphasize the need to detect patients with cognitive impairment in HF management. Patients with objective evidence of cognitive impairment should be closely observed regarding their medication compliant or change in weight and symptoms. In short, cognitive impairment should be addressed, in addition to other comorbidities, in attempt to decrease the rehospitalization rate and reduce both economic and social burden of HF.

Bases from the limited published data, there is no consensus evidence regarding the routine screening method or intervention to reduce rehospitalization in this patient population. Agarwal et al. demonstrated that additional education on the family and caregivers was shown to reduce the rehospitalization rate but was concluded that it may due to the availability of engaged family rather than the effect of the education. A previous randomized control trial showed that a targeted self-care intervention can improve HF knowledge but was unable to significantly reduce the 30-day rehospitalization rate in this population.[@bib33] However, the study had a relatively small number of participants and thus may fail to detect the difference in the rehospitalization rate. Further studies may have more patients enrolled or may focus on whether any intervention can decrease the rehospitalization rate in this population.

Although our analysis demonstrated the association between cognitive impairment and the increased 30-day rehospitalization, data regarding long-term rehospitalization and mortality are currently limited and unclear. Published studies reported different outcomes with a varied follow-up time, which lead to heterogeneity among studies. This could be the area of focus for further study or systematic review.

4.4. Strengths and limitations {#sec4.4}
------------------------------

The strength of this meta-analysis is that most studies were prospective studies. The limitation of our analysis includes a small number of studies and participants. Second, the different screening tools may affect the heterogeneity of our analysis. Although Patel et al. and Agarwal et al. did not exclude patients with dementia from their studies, the analysis without the two studies still showed a significant association between cognitive impairment and 30-day rehospitalization rate. Third, none of the included studies statistically evaluate the cause of the association of cognitive impairment and rehospitalization. Moreover, the included studies did not clearly state whether the patients with HF had a first onset of acute HF or acute decompensated HF on top of the underlying chronic HF, as the prognosis and rehospitalization rate may differ between the two populations. Finally, the extracted data regarding the outcome of 30-day rehospitalization were not adjusted for confounders, such as age, LVEF, in most of the included studies. Thus, the association we reported must be interpreted carefully as it may be affected by such confounders and other mentioned limitations.

5. Conclusions {#sec5}
==============

In conclusion, our systematic review and meta-analysis showed that the presence of cognitive impairment is strongly associated with 30-day rehospitalization among patients with HF. The exact mechanism of this relationship is still unclear. Despite the relatively small evidence, the presence of cognitive impairment in this population should not be neglected. Further research is needed for the proper understanding of the definite pathophysiology and to correctly guide the management of cognitive impairment.
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[^1]: HF, heart failure; MARATHON, Multicentre Australian Risk Algorithm to predict Heart failure readmission; ICU, intensive care unit; LVAD, left ventricular--assisted device; LVD, left ventricular dysfunction; ESRD, end-stage renal disease; CAD, coronary artery disease; SPMSQ, 10-item Short Portable Mental Status Questionnaire; MoCA, Montreal Cognitive Assessment; CI, cognitive impairment; HF, heart failure.

[^2]: The Newcastle--Ottawa scale uses a star system (0--9) to evaluate the included studies on three domains: selection, comparability, and outcomes. Star (\*) = item presents. Maximum one star (\*) for selection and outcome components and two stars (\*\*) for comparability components. Higher scores represent higher study quality.
